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einj'O  flic  maximum  sjAipeCat  (he  enjnes  I  _  and  l  ,  must  he 
limited  Mit.  lit hawtlc^no  Je  potential  f\(  can  follow  at  th*o.mic 
speed.— 1  y 


])iu  uwtor.  A  prototype  optimised  tor  how  area  consumption  anJ 
high  latch-up  security  luted  in  an  area|244 *4>0um:  The  parame¬ 
ter’.  1  unJ  IS  were  chosen  to  he  .t  ~  l  x  IS  ~  2.  which  leads  to  tr  - 
3/v  The  MO$  transistor  s  thin-oxide  gJtc  dimensions  for  f  -  9nA 
measured  in  t  U  torn  \L  tern  were  selected  to  be  for  Ml.  M2.  M4. 
Nth.  15  l(^M.t.  M5  15  4.  M7.  10r4.  its.  M>  10.  M‘>.  MIO  10  5 
Dl  wa>  mad*?  bc  .i  p-MOS  drain-substrate  diode  ^ 


pul.  as  demonstrated  hv  curve  mi  i 

^tT shows  ouirm  current*  i  icusiired  with  a  i. instant 
.  5V.  otherwise  the  setup  is  the  same  as  explained  above  I  he 
maximum  iran>conductancc  is  ,r  _\)  .  -  5»t \  V  ami  ! m,  saries 
between  2.4  and  3  OjtA.  An  ewe  ninii  ol  iv  -42hA.i^  seen  at 
which  m. iv  be  due  to  d  Saturation  ol  the  cuixoif^ source 
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Fig.  2  \tea*urt\i  output  •.  cC.uye  ui  zero  output  current  for  (firetr  differ¬ 
ent  bound/ ry  conditions  I 


eni  bounitory  condition*  5 

^(measured  at  1'^  =  >V.  tM  -  0.  Vy  =  0  "b>  m 


steps  of  0  1 V. 


and^* - 

tu  {  ,  =  2.5V.  I„  =  5V 
(11)  r  ,  =  5  0V.  \  „  ~  35V 
<m)  1*  M  =  TSV.  VH  =  TUV 


Tig.  2  shows  rr.easur err. er.es  of  V\,  Against  l  \  for  three  dilTer- 
ent  boundary  condition*.  Curve  (in)  was  obtained  at  high-voltage 
conditions  w tih  C,~~  .'v  and  I*  =3 70V  The  unloaded  output 
jumps  at  I  „  at  l  A  iron  a  near-zero  vjduc  to  its  maximum  limited 
by  D>  ic^f  4V.  Curve  <n  was  measured  under  low  voltage  eondi- 
tions.V?  VH  =  Ifj  =  5  V  aad  additional 

elTectijre  ob5erv<xi*  {  j 
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pestle  'Oput  vohcce  V 

ouip'tf  P-.tr rent  .It  vi  -  2  5  f  for'' flhuv  Jijfera 


2.5  I'  for  thwe  different 


I  measured  Jt  i'«.  -  2  5  V.  othet wise! same  inca>ufemeni  setup  as 
in  Fig  2  I 


(u  The  maximum  output  vottaee  n  reduced  to  49V.  the  last 
ItHJmV  are  dropped  0\jtT  "the  desatur;  :ed  current  source  /,. 

tn)  The  outpui^oltjge  jump<  3v  exj  cted  at  1'^  =  2  5V. 

but  not  to  us  ilmrmum 

ll  both  V  M  and  T  ,  are  le^s  then  T  P.  the  potential  of  node  Nl 
( f  may  be  less  than  l  al»o.  tmJ  ■  e  have  *  f\,.  For  V ^  - 
i’tlh  the  full  output^pftlge  swing  oft  is  available  at  the  out- 
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Induced  second-harmonic  generation  in 
planar  waveguides  by  an  externally  applied 
periodic  DC  electric  field:  Efficiency  as  a 
function  of  field  structure 

M  L.  Brauer.  I.  Dajani  and  J  J  Kcstcr 


//!«/»•  unif  remt.t  0/\\<  jl  harmonic  generation.  Optimt  mini'todt’ 
theory,  finite  element  jn.:i.  wi 

The  efr.ciencx  of  seeor.d-harniome  generation  (Sllfi)  mdiwed  by 
an  externally  appheg  periodic  DC  electric  lield  wax  mvestig.ued 
A  fm-tc  element  method  »a%  used  to  find  the  static  ekvtrre  fn-M 
due  io  different  interJiguau-J  electrode  siruciurev  The  resulting 
fields  were  u>ed  to  CaVulatc  the  overlap  integrals  which  determine 
the  SHC  eflieiencv  in  an  optical  waveguide  The  results  show  ihji 
there  arc  reasonable  dilTerenscs  m  SHG  eilioencieN  for  t?ie 
structures  tn\<>tigjied 

Efficient  frequency  doubling  of  radiation  has  been  observed  tn 
germanium  doped  silica  fibres  (Ij  art  J  pl.rur  waveguides  (2)  All  of 
the  theories  that  have  been  proposed  to  explain  tho  phenomenon 
are  based  on  the  hypothecs  that  an  internal  periodic  Dt'  elect  tic 
fteld  is  responsible  for  a  nonvatmhmg  second -order  sUsccptibilitv . 

and  the  necessity  qu.i>iph.»se  matching  for  efficient  SHG  [ '] 
Thu  is  found  to  be  proportional  to  the  product  of  the  third- 
order  susceptibhty.  •/*'*•  *nd  this  induced  field  The  periodic  DC 
electric  field  induced  ttt  sthca  can  be  generated  by  several  methods, 
such  as  seeding  bv  the  second  harmonic  [3{  and  by  applvtnc  an 
external  periodic  DC  deem c  fieM  (4j  Tradifiona?!).  the  cxlernjl 
periodic  DC  electric  fields  have  been  generated  using  imerdigiuteJ 
electrode  structures.  However,  little  has  been  done  to  understand 
the  effect  or  using  different  electrode  structures  on  the  etViciencs  of 
SHG 
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We  mvcslic.itcd  tlu*  elTwioncy  of  SMC*  in  an  optical.  ihm-iiim. 
pl.ui.ir  waveguide  us  .«  fuiKimn  of  the  externally  applied  periodic 
IV  electric  field  Three  Hi'  fields  were  simulated  using  micrdigi- 
l.iied  electrode  structures  with  uf>mc  electrode  widths  and  spae- 
mgs  These  externally  applied  periodic  DC  electric  fields  induce 
the  internal  polarisation  responsible  tor  efficient  SMC. 


Ki».  1  CV(i\\-irr/»Mi  <>/  iwnccu ;Jr  vfn*  sure  iw/ui/uig  intenltgitateil  elec- 
t  nth's 


The  simulated  structures  consisted  of  a  thm-film  waveguide 
deposited  on  a  silica  substrate  with  the  inter  Jigitatcd  electrodes 
motmied  on  glass  and  situated  on  a  thin  film  of  air  abtnc  the 
waveguide  as  shown  in  Fic  1.  For  all  three  structures  investigated, 
the  thickness  of  the  thin  film  of  air  was  0.5jun  and  the  thickness 
of  the  waveguide  was  2 uni  The  indices  of  refraction  of  the 
waveguide  and  substrate  at  the  fundamental  wavelength  (I0n4  nm) 
ate  1.532  and  1.449h.  respect  is  els .  For  the  second  harmonic,  the 
corresponding  indices  are  1  4"1  and  I  4607.  Wc  analysed  the  SHG 
using  a  7*.U„  mode  for  both  the  fundamental  arid  the  second  har¬ 
monic.  The  periodicity  for  quasiphase  matching  was  dciennined 
from  the  expression 


where  fl,.  is  the  propagation  constant  for  the  fundamental  and  (3.w 
is  the  propagation  constant  for  the  second  harmonic.  For  the 
thiee  structures  analysed,  the  electrode  width  was  varied  (2.5.  5.0. 
and  7.5um)  while  the  periodicity  (20umi  was  kept  constant. 

To  compare  the  relative  efficiencies  of  the  different  electrode 
structures,  a  fini’e  element  method  computer  simulation  was  used 
to  find  the  static  electric  field  due  to  the  electrodes  in  the 
waveguide.  The  results  were  then  used  to  calculate  the  growth  of 
the  second  harmonic  alone  the  direction  of  propagation.  in  the 
planar  waveguide  The  expression  for  this  growth  was  derived  by 
applying  the  normal  mode  analysis  to  tile  wave  equation  and 
using  the  slowly -varying  envelope  approximation  in  a  manner  sim¬ 
ilar  to  standard  second- harmonic  efficiency  derivations  (5)  The 
rate  of  growth  of  the  complex  amplitude  of  the  second  harmonic. 
</-. .  is  found  to  be  proportional  to  the  o'etlup  integral  and  is  given 
by 

— •>  ■il  j  E  (i/tf;.  Iv)  «/</  (-) 

where  is  the  t  component  of  the  externally  applied  periodic 
IV  field  due  to  the  electrifies.  F_.  and  represent  the  transverse 
mode  distribution  of  the  fundamental  and  second  harmonic, 
respectively.  and  A|l  is  the  phase  mismatch  given  by  A|i  -  ft-.. 
2|t  Note  that  we  have  aS'umeJ  that  the  amplitude  for  the  funda- 
mcm.il  is  much  larger  ih.in  that  for  the  second  harmonic.  The 
power  of  the  second  harmonic  in  then  given  hy  the  square  of  the 
modulus  of  the  integral  of  ccn  2  alone  r  and  is  expressed  as 

/’;  2_  )  >  |/ \  1 '  f I I't  '*/  :iF.  I'/*/.’.  »/)/-”_  l»/h  'A  *:«/i/d: I 

1-1) 

Tins  equation  was  used  to  compute  the  second -harmonic  power 
for  the  three  different  olectfinie  stiuctutes. 

1  he  profiles  of  the  i -component  of  the  static  electric  field.  F+. 
fiir  the  three  different  elect  r«*dc  structures  arc  shown  m  l  ie.  2  T  he 
plots  are  shown  from  the  centre  ol  the  spacing  between  the  elec¬ 
trodes  to  the  centre  of  the  electrode-  for  different  depths  (i  --  0.  - 


Fig.  2  \ ‘component  of  F._,  lot  three  \htterent  ••/*■»  f f  t-.A"  orii,  no  vs 

a  Fleet  rode  width  =  2  5  uni 
b  Flectrodc  width  -  5  Hum 
c  Electrode  width  =  7  5 wm 


I  tun.  ami  -2iuni  tn  the  waveguide  and  is  symmetric  across  the 
entire  structure  The  accuracy  of  the  computer  code  was  checked 
by  simulating  cases  with  geometries  that  have  known  analytical 
solutions,  and  the  error  was  found  to  be  less  than  l".. 

Wc  compared  the  power  generated  m  the  second  harmonis  lor 
the  three  different  structures  noimaltscd  to  the  structure  with  the 
lowest  efficiency  The  results  are  summarised  in  Table  l 

Table  l:  Comparison  of  power  generated  in  second  harmonic  for 
three  structures 

jTTecirodc  width  [<»:)]  |  — 2  >  ,  T>i  ~r_  ”  "7  ; 

j  Normalised  SHG  power  1  0  l  “5  :  2  '<*  • 

We  conclude  that  there  in  over  a  factor  of  2  difference  in  the 
efficiency  of  SHG  based  on  the  relative  width  ot  the  electrode 
compared  to  the  periodicity  of  the  elect  i  ode  structure  l he  diffci- 
ence  indicates  that  structures  with  wider  elect roj^s  (while  not 
exceeding  the  dtelccirc  bicakd«vwn  between  the  electrodes)  have 
more  efficient  SHG 
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New  wideband,  0.67/.o  circumference  180° 


^yferfeT ring  coupfer 
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hiJi'Mng  /«  nm  \(MIC i  Trjn\mi%%mn  lines.  H ,i\r^uuU'  couplers 

A  new  ISO*  h>fcr.J  rtnis  coupler  is  reported.  This  coupler  uses 
.  coplanar  waveguides  and  has  a  very  email  circumference  of  only 
0  b~r.t  A  bandwidth  greater  ihan  one  octave  is  demonstrated. 

bit  rtuiuc  turn:  Mima  lunged  l  MV  hybrid  couplers  tire  required  for 
monolithic  integration  Some  attempts  have  already  been  made  io 
reduce  the  size  of  the  well  known  15).,  circumference  microstrip 
rat-race  coupler  [l--*].  be:  this  has  led  to  narrow  hand  operation. 
We  ptevicusly  ptoposed  (5|  the  use  of  uwpfanar  waveewdes  to 
achieve  both  small  size  and  wideband  operation,  but  our  structure 
had  ihg-R-pori  fed  in  2  sUulinc.  which  is  the  major  drawback 
wh#flf  full  coplanar  access  is  required.  In  this  Letter  we  propose  a 
i^e w  wideband.  small-s:ze  coupler  having  all  the  ports  fed  copla- 
Nidr.  No  space  costly  transitions  are  used. 


obvious  ih.it  the  minimum  i^ffuru  for  once  of  toe  ^onpjot  js  U  .'O/. 
Simulations  indicate  that  wideband  operation  o  obtained  tor  .1  ;,-l- 
atively  small  value  of  11  Our  Jcmcii  has  been  m.uii  wrtn  u  -  <.<) 
lcadm^m"  a  characteristic  imjKd.m.c  /  ol  5"  f»0  J^mmepic 
coplSmr-strlps  arc  used  as  transmission  lines  because  ihcy  afl.«w, 
an  easy  crossover  of  the  two  strip*,  because  s  <<  ,i  if  ,g  h  we 
computed  the  propagation  characteristics  of  the  coplanar  strip  line 
as  for  a  slothnc.  using  the  Cohn  n?c:  h*>d  j f»]  The  crossover  is  tuv- 
cssaty  to  provide  ihc  l$(V  phase  shift  needed  at  the  1  -poit  luc 
crossover  may  be  placed  at  an;,  position  in  its  arm  I  bum  di.m\:cr 
bonding  \v ires  have  been  used  to  realise  the  crossover  and  to  ci-nt 
mate  filic  even  propagation  movie  on  the  access  c»>pi.;nar  l.u.  - 
1  hen  iJrirth  should  be  kept  as  short  as  possible  to  mVimiisc  woe 
sclf-nulucianee.  for  ibis  reason  is  important  to  njgfmusj  both 
coplanar  line  total  width  n-2s»‘  an  the  crossover  dune’is.ons 
However,  an  extreme  cinywner  si/c  reduction  tai  the  photoluho- 
graphic  limit)  leads  to  undesired  coupling  by  the  cap  capacitance. 
Power  is  radiated  at  the  coplanar  strip  apertures  cieatul  by  tlie 
crossover,  but  a  mutual  radiated  llold  cancellatum  effect  ;s  pivscrtt 
because  the  electric  fields  m  the  two  apertures  have  opposite  sij*n> 
Coplanar  access  lifKs  ate  connected  iv>  the  coplanar  strips  U'Uie  a 
lee  junction  \p  attempt  has  been  made  to  movie)  this  junction 
because  the  dimensions  of  both  the  access  lines  i»  and  g i  and  the 
coplanar  strips  gaVf  r> arc  very  small. 

An  important  feature  of  the  coupler  is  that  the  output  mauni- 
tude  and  the  phase  balances  are  excel  lent,  as  the  crossover  pro¬ 
vides  an  almost  perfect  l ISO*  phase  shift  in  the  whole  frequency 
range.  This  is  an  advantage  with  rcsjKct  to  the  microstnp  imple¬ 
mentations  of  the  ISO0  hybrid,  where  the  >.r  2  delay  line  gives  .1 
ISO9  phase  shift  only  at  the  centre  frequency 

Ihc  coupler  has  been  fabricated  «»n  jn  a'umina  substrate  (i,  = 
9.9.  h  -  254 lira,  metal  thickness  4um)  without  a  ground  plane 
The  coupler, -centre  frequency  is  fn  =  6GH/  The  moo  relevant 
geometric^ parameters  are  listed  in  Table  I. 
r 

Table  1:  Coupler  geometrical  parameters 

H  Z  Ci ream -j  Ring  iCopl.inaf.C oplanar (>^vo\c^5l)Q  access! 
Ifcrence  oaduis  strip  strtp  1  coplanar  (  coplar  ;r  ’ 

j  }  width  caps  !  strip  |  line  ! 

i  I  d  j  gap  /  (dimensions! 


60.0)57.tjl^1.7/.f  |  .U7S 


We  pbuu.  pul  that  the  coupler  topology  described  hcie  is  aKo 
suitable  for  an  asymmetric  design  ii.e  whm.*uljacent  arms  arc  not 
identical).  The  coupler  can  be  transformed  inly*  a  balun  by  simply 
closing  the  fl-pott  on  a  50  Q  impedance. 


Fig.  I  Uytfrhl  r»?e  <*u«r’Vr 


f  c  '•uplvr  di  viipi  The  courier  is  show  n  in  l  ie  1.  It  has  a  ring  topol- 
i  ogy.  consisting  of  f«>u#  arms  Each  arm  is  made  of  a  transmission 


(  ogy.  consisting  of  fmr  arms  Each  arm  is  made  of  a  transmission 
'viiQg  .l_n  a  s> mnictric'd  desigh  a fT  the  fiTtiT-tKujpIcr  arms  are  identi¬ 
cal.  In  such  a  case  there  is  vine  degree  of  freedom  (the  arm  electri¬ 
cal  length  0).  The  design  equation  is 


/.  =  Z-.y.J\/ 1  -  i-i,i  -  ft  ( 1 )  ^ 

where  Z„  is  the  port  Impedance  1  usually  50U1  and  0  is  the  clean-  s» 

cal  lcn^|jK»f  onc  arm  at  the  central  troquency  f„  I  rom  cqn  1  it  is  si 
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E\pt'i  inn  iikil  nvidfv  The  coupler  h.i>  been  u-sicd  bi 
l0<  r i  1/  "Inserted  of  connectors  and  .aw^  opl.i 
included  Ihc  l.uicr  arc  rckuivcly  lone  i"mm  iflvi 
4  5mm  output  portc  .n.ccs>  lines  length')  degradim* 
sum  Thcfe!«>rc  the  uiiiiumv  cimplcr  tr.msmis'ion  ,c  ■ 
than  mc.isircvl  I  or  the  came  reason  mtnn»iv  relit 
somewhat  better,  ten*  Coupler  ir.insniosuin  am)  iclle 
shown  m  I  ig\  2  aiivl  4  The  coupler  measured  that 

0  No.  V  - 


vtwcvu  I  and 
uiiii  hues  arc 
HI  poit.  and 
the  ti aii'in.s- 
' 1 1  ‘'lilt  1  viler 
Ccllon  Iocs  1, 
\ lu'ii  Io .n  ,iie 


